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ABSTRACT
Hinojosa, Michelle M., M.A., July 2005 Anthropology
Change in Nasal Width Produced by Smiling: Its Application in Forensic Art 
Chairman: Dr. Randall R. Skelton
Facial reconstruction is recognized as “an increasingly important tool within forensic 
anthropology” (Ubelaker and O’Donnell 1992). Facial reconstruction is a method that 
aids in identifying skeletal remains when no other means are available. Using a 
combination of science and art, a face is created upon an unidentified skull with sufficient 
likeness of the living individual that it may help bring about identification. Since various 
combinations of teeth, dental restorations and prostheses are so highly individual 
(Clement 1998), creating a reconstruction with a smiling expression in which the 
dentition is visible is a beneficial tool in the investigation.
A study conducted by Craig and Bass (1993) concluded that musculoskeletal changes 
occur when a person smiles that need to be taken into consideration when facial 
reconstructions that expose the teeth are created. Until now, no metric data have been 
available to forensic anthropologists and forensic artists to ascertain smiling nasal width. 
The purpose of this study was to determine the average increase in nasal flare that is 
produced by smiling for application in forensic art.
This research found that on average, the lower nose increased in width by 4.6 
millimeters during the smile. Armed with this information, forensic anthropologists and 
forensic artists may achieve an increase in the accuracy of both two and three- 
dimensional facial reconstructions. This will potentially lead to more positive 
identifications of unknown deceased individuals.
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CHAPTER 1
INTRODUCTION
Facial reconstruction is a specialty within forensic anthropology rooted in 
anthropological research and gross anatomy (Reichs and Craig 1998). It is a tool that can 
be used in the identification process of unidentified human skeletal remains. The most 
popular facial reconstruction technique is the three-dimensional reconstruction which 
entails applying modeling clay to a dry human skull to produce a reasonably acceptable 
facsimile of a living head (Krogman and Içcan 1986, Rhine 1990). A carefully created 
sculpture may lead to recognition by relatives and friends of a deceased individual 
(Rogers 1987).
Because of the proven uniqueness of human dentition, exposing the teeth in a 
facial reconstruction is an excellent tool to utilize in the investigation of an unknown 
individual. When the anterior teeth are recovered, their exposure may be key to 
recognition and identification since the teeth are the only parts of a person’s skull that are 
actually seen by friends and family during life (Taylor 2001). A study conducted by 
Craig and Bass (1993) concluded that musculoskeletal changes occur when a person 
smiles that need to be taken into consideration when exposing the teeth in facial 
reconstructions; however, no metric calculations were performed. When a person smiles, 
the alar flare that occurs must be taken into account when producing facial 
reconstructions depicting smiling individuals. This is a significant change that should be 
considered because it alters the appearance of an individual and could affect whether a 
presumptive identification will be made.
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Personal Identification
Sometimes human remains are recovered that are unidentifiable through ordinary 
means. In these circumstances, the remains are usually in the form of (1) decomposed 
bodies found in the water, buried, or in other unfrequented places, (2) burned bodies, and 
(3) fragmented bodies due to explosion or trauma (Wilder and Wentworth 1918). For 
years, examiners of these remains have wondered whether the skeleton can offer any 
information that will assist in an identification. Physical anthropologists and anatomists 
have developed methods for reconstructing the facial tissue over the bone for the purpose 
of approximating the face to assist identification. The skull especially with the teeth is 
the most characteristic and thus most valuable part of the skeleton, capable of yielding 
important data (Wilder and Wentworth 1918).
Identification of an unidentified deceased individual is important for several 
reasons (Gatliff 1984). Primarily, the relatives and acquaintances of the decedent deserve 
to know what happened to their loved one. Secondly, if the decedent was a victim of 
homicide, identifying the remains can be the key to solving the crime and removing a 
murderer from society. Often times, the identity of the victim must be known before the 
perpetrator of the homicide can be identified and apprehended. Thirdly, there are legal 
issues that require the issuance of a death certificate, such as the settlement of the estate, 
remarriage of surviving spouse, and payment of insurance claims (Adams 2002).
As defined by Rogers (1988) there are three general levels of personal 
identification in forensic investigations: positive identification, presumptive 
identification, and preclusive identification. With a positive identification, there can be 
no reasonable doubt as to the specific person represented. In a presumptive
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identification, the details examined suggest possible or probable identity, but without 
complete certainty. A preclusive identification is when comparison of details indicates 
that identity is unlikely or impossible. There are several approaches towards establishing 
personal identification. Some techniques commonly used to make personal identification 
include DNA comparison, fingerprint comparison, radiographic comparison, and dental 
comparison. These are all comparative methods, so there must first be records in order 
for them to be compared to the decedent (Taylor 2001). Other techniques used for 
personal identification include visual recognition, anthropological analysis, and 
circumstantial evidence (Adams 2002).
Part anthropological analysis and part visual recognition, facial reconstruction is a 
method of personal identification practiced by anthropologists, medical sculptors, and 
artists in many parts of the world. Facial reconstruction by itself is not a means of 
positive identification but can be used to stimulate leads in an investigation (Rathbun 
1984, Rathbun and Buikstra 1984, George 1987, Rhine 1990, Ubelaker and O’Donnell 
1992, Evison 1996, Tyrrell et al. 1997). A facial reconstruction can be used to make a 
presumptive identification which can then be verified by other means (Caldwell 1981,
1986). It can also provide corroborative evidence in a positive identification (Gatliff and 
Snow 1979, Byers 2002), and can be used to make a preclusive identification to eliminate 
certain suspected individuals (Snow et al. 1970).
Personal Appearance Identification
The most common way to identify an individual is on the basis of personal 
appearance (Nash 1978). Sight recognition, the ability to recognize our friends and
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acquaintances by simply looking at them, is based upon the extraordinary amount of 
variability of all parts of the human body, especially the face, and also the relative 
permanence through life of the individual features (Wilder and Wentworth 1918). Slight 
differences exist among humans that give our faces individual character and these 
features are more or less permanently located (Wilder and Wentworth 1918). The 
uniqueness of facial appearance allows the face to play the same key role as the 
fingerprint in forensic identification (Bruce 1991). Our individual ability to recognize a 
huge gallery of faces demonstrates the extraordinary power of our visual memory system 
(Bruce 1991, Heafher 1996). The individuality of the face makes it easy to recognize a 
face or an image of a face when it is presented to us. In the 1880s, Alphonse Bertillon 
recognized the uniqueness of facial appearance and developed an identification system 
based on a compilation of facial features taken from photographs (Heafher 1996). 
Bertillon’s classification provided a basis for modem recall systems that aid composite 
artists in producing sketches to this day (Heafher 1996).
Uniqueness o f  Dentition
One feature that is most frequently cited by subjects as an excellent identifier is 
the teeth (Zavala and Paley 1972, Nash 1978). The use of the dentition to establish 
personal identification is well accepted within the forensic field (Pretty and Addy 2002). 
Historically, dentition has been used to make positive identification based on the vast 
number of possible combinations of characteristics that are present in the human dentition 
(Adams 2002). In 1776, Paul Revere confirmed the identity of the body of Major 
General Joseph Warren by recognizing silver wire bridgework that he had constructed for
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Warren the year before (Luntz and Luntz 1973). The earliest recorded court case in 
which dental evidence was used to prove the corpus delicti was in 1850 (Luntz and Luntz 
1973).
The teeth have a tremendous number of characteristics unique to the individual 
that can be hereditary, growth peculiarities, or a result of life experiences (Gladfelter 
1975, Rogers 1987, 1988). A large proportion of the population has had some dental 
work resulting in cosmetic restorations and prosthetic replacements (Gladfelter 1975, 
Rogers 1987,1988). Dental restorations are often peculiar to an individual dentist, 
making for even more variability (Rogers 1987). With this multitude of features 
characteristie to each individual, the possibility of two persons having identical dental 
details is practically nonexistent (Rogers 1987). Studies by Adams (2002, 2003a, 2003b) 
based on patterns of missing, filled, and unrestored teeth found that there are trillions of 
possible combinations within the adult mouth, suggesting that an individual’s dental 
pattern is of sufficient uniqueness to be used for forensic identification. Teeth are the 
most easily observed and recorded part of the human skeleton, providing a highly 
valuable resource for personal identification because of their durability and variability 
(Rogers 1988). Rogers (1988) compiled a list of dental conditions (see Table 1) that can 
usually be observed in a person’s facial appearance and that can be recognized with the 
naked eye. Despite advances in DNA and other identification methodologies, dental 
identification is still a major method used in criminal investigations (Pretty and Addy 
2002). Because the teeth are the hardest structures in the human body, they often survive 
fire, advanced decomposition, and massive trauma, long after death (Rogers 1987, 1988, 
Adams 2002). The classic comparative dental identification employs the use of
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Table 1. Dental Features Recognizable Through Direct Observation*
Missing teeth 
Broken teeth
Displaced and rotated teeth
Supernumerary and small teeth
Abnormally separated teeth, especially central incisors
Fused teeth
Shovel shaped teeth
Impacted teeth
Stained teeth
Enamel irregularities
Exceptionally worn teeth, including occupational and habit-created markings
Deposits of calculus
Fillings
Caries
Crowns, bridges, and dentures 
Periodontal inflammation
Oveijet and overbite (if the mandible is in its customary living relationship 
to the upper teeth)
® from Rogers (1988:82)
postmortem and antemortem dental records to determine similarities and exclude 
discrepancies (Pretty and Addy 2002). Unfortunately, even when dental records exist for 
an individual, a lead or presumptive identification is necessary in order to know which 
records to request (Rathbun and Buikstra 1984, Nelson and Michael 1998). In many 
cases the tentative identification of the individual is unknown and therefore antemortem 
records cannot be obtained. Yet because the teeth are so individualistic, in the absence of 
antemortem records they can still be of use for visual identifications with the aid of the
facial reconstruction.
Benefits o f Facial Reconstruction
When human remains are initially found, the public and media have high interest 
(Haglund 1998). If remains have not been found with accompanying circumstantial 
evidence of identity such a driver’s license, law enforcement personnel will usually check 
current missing persons files for potential matches. Tragically, missing persons files will 
often not result in any potential matches (Byers 2002). As the investigation proceeds, 
interest fades and after all leads have been exhausted the case eventually goes cold.
Facial reconstruction is usually the last resort after all other traditional means of 
identification have failed (Rhine and Campbell 1980, Gatliff 1984, George 1987, 
Aulsebrook et al. 1995, Haglund 1998, Nelson and Michael 1998, Phillips 2001, Jackson 
2004). It is most often undertaken in cases where there is no likely candidate for the 
remains with which to compare to antemortem dental or medical records (Jones 2001). 
Three-dimensional facial reconstructions have great dramatic appeal that is evident in the 
frequent presence of sculptures in museum displays (Caldwell 1981, Rogers 1987). The 
facial reconstruction is the “hook” or new twist that rekindles interest and essentially 
advertises the case of unidentified remains to the public (Haglund 1998). The facial 
reconstruction goes a step beyond the basic biological profile performed by the forensic 
anthropologist, which includes the sex, age, ancestry, stature and pathological conditions 
of the remains. It is an additional tool that the forensic anthropologist can employ in the 
investigation process. Unlike DNA, dental records, x-rays and image superimposition, 
the facial reconstruction needs no candidate for comparison (Caldwell 1981). A 
photograph of the reconstruction can be circulated in the community where the remains 
were discovered, as well as to various law enforcement agencies across the nation. After
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adequate circulation, the images of the reconstruction may be recognized by relatives or a 
member of the community, thereby producing a lead from which social or medical 
records and samples can then be compared (Caldwell 1981).
Facial Tissue Depths
The method of facial reconstruction is based upon facial tissue depth data 
furnished by anthropologists and anatomists beginning as early as 1883. In 1895, the 
grave of celebrated musician Johann Sebastian Bach was disturbed by building 
renovation, and was recovered commingled with several other skeletons (Wilder and 
Wentworth 1918). Because records stated that he was buried in an oak coffin, the only 
two skeletons found with traces of oak were collected for comparison (Wilder and 
Wentworth 1918). One was a female and the other a male, so there was little doubt as to 
which remains were those of Bach. To remove doubt, anatomist Wilhelm His developed 
a table of tissue thickness depths from 24 cadavers. He then made a plaster cast of the 
skull suspected to be Bach’s and submitted the cast to a sculptor named Seffner. Seffner 
applied clay to the cast according to the tissue depth data and the result was a striking 
resemblance to Bach (see Figure 1) (Wilder and Wentworth 1918).
Three-dimensional soft-tissue facial reconstruction is achieved through placement 
of average tissue thickness markers on certain landmark locations on the skull and then 
modeling the features in clay to agree with skull structure and tissue depth markers 
(Stewart and Richlin 1989). The first step in creating a facial reconstruction requires an 
accurate anthropological assessment of the skeletal remains for characteristics of 
individuality (Caldwell 1986). This step should be performed by a physical/forensic
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Figure 1. Facial reconstruction of Johann Sebastian Bach made in 1895 by His and 
Seffner (from Wilder and Wentworth 1918:97)
anthropologist or other person trained in human osteology. Information needed for the 
facial reconstruction includes sex of the decedent, estimation of age at death, ancestry, 
robusticity or body build, pathological conditions and anomalies, and time since death. 
This information will be used to select the correct tissue depth table. Many researchers 
have collected tissue thickness data with the aim to make the process of facial 
reconstruction more accurate and reliable (Rhine 1984). The facial tissue depth data are 
divided by males and females, ancestral backgrounds, body builds (emaciated, normal, or 
obese) and in some cases by age (Gatliff 1984). A time since death estimation is helpful 
when the decedent is from a historical time period because the nutritional state of the 
decedent would likely be similar to those individuals used for collection of data in the
Kollman and Büchly table. The Kollman and Büchly table dating to 1898 is useful for 
museum projects or historical cases and results in more slender faces (Taylor and Gatliff 
2001). Since 1883 there have been numerous research studies to quantify the relationship 
between the soft tissues of the face and the underlying bone (Aulsebrook et al. 1995, 
Tyrrell et al. 1997). Early studies were conducted on cadavers to measure the depth of 
the facial tissue at various landmarks based on the amount of penetration of thin blades or 
needles inserted into the skin (Tyrrell et al. 1997). The information collected was used to 
establish data tables for males and females of different ancestral backgrounds and varying 
nutritional states. Unfortunately, the postmortem effects on the soft tissues of cadavers 
compromised the integrity of the data. These measurements were collected from 
cadavers in a supine position, resulting in distortion of the facial tissues due to gravity.
As a result, many artists have a problem with the area around the cheeks not appearing 
full enough. The cadavers used for early data collection may have suffered from soft 
tissue distortion from drying, embalming, or putrefaction that caused bloating of the face 
(Tyrrell et al. 1997). Those factors, plus human error in locating the correct landmarks 
all negatively affected the accuracy of the facial tissue depths. As technology advanced, 
and interest in the method of facial reconstruction increased, researchers developed 
methods for taking measurements on living subjects to update facial tissue depth 
measurements (Nelson and Michael 1998, Manhein et al. 2000). In vivo data has been 
collected by using ultrasonics, computerized axial tomography (CT scans), magnetic 
resonance imaging (MRI), and radiography (x-rays). Table 2 lists researchers who 
developed data tables of facial tissue thickness depths compiled from Rhine and 
Campbell (1980) and Wilkinson (2004). There have also been recent advances in
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Table 2. Facial Tissue Thickness Studies
Researcher Date Subjects Method
Welcker 1883 White males cadavers
His 1895 AVhite Europeans cadavers
Kollmann and Büchly 1898 White Europeans cadavers
Birkner 1905 Chinese cadavers
Fischer 1905 Papuans cadavers
Czekanowski 1907 White Europeans cadavers
Von Eggeling 1909 Namibian Blacks cadavers
Stadtmuller 1923 New Hollanders, Javanese, 
Melanesians, Cameroons
cadavers
Suzuki 1948 Japanese cadavers
Bankowski 1958 White Europeans in vivo: radiograph
Weining 1958 American Whites in vivo: radiograph
Berger 1965 White Europeans cadavers
Leopold 1968 WTiite Europeans in vivo: radiograph
Lebedinskaya et al. 1979 WTiite Europeans in vivo: ultrasonics
Rhine and Campbell 1980 American Blacks cadavers
Rhine, Moore, Westin 1982 American Whites cadavers
Rhine 1983 SW American Indians cadavers
Helmer 1984 W%ite Europeans in vivo: ultrasonics
George 1987 American Whites in vivo: radiograph
Lebedinskaya et al. 1993 Koreans, Buryats, Kazakhs, 
Bashkirs, Uzbeks, Armenians, 
Abkhazians, Russians, 
Lithuanians
in vivo: ultrasonics
Phillips and Smuts 1996 South Africans mixed in vivo: CT scan
Auslebrook et al. 1996 Zulu in vivo: radiograph, 
ultrasonics
Manhein et al. 2000 American adults & children in vivo: ultrasonics
Sahni 2002 Indian in vivo: MRI
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computer-aided facial reconstruction. Nelson and Michael (1998) argue that not only do 
problems exist in the accuracy of how the soft tissue data was collected, but also the 
sparcity of landmarks. They have developed a new approach to facial reconstruction 
using computer graphics called volume deformation. Volume deformation deals with the 
facial tissues as a single unit, thus freeing the procedure from the problems associated 
with the use of standardized soft tissue depth tables (Nelson and Michael 1998).
Appendix 1 contains definitions and illustrations of landmarks for location of 
tissue depth markers and their craniofacial correlations. It is important to note that the 
landmarks are not universal across each data table. For example, tissue depth marker #4 
on the Kollman and Büchly 1898 table represents the middle of the intemasal suture, 
whereas marker #4 on Rhine and Moore’s 1980 American Whites table is the end of the 
nasals, and on Manhein et al.’s 2000 tables, marker #4 is the lateral nostril. Rather than 
simply looking at the illustrations accompanying the data tables to locate the approximate 
landmarks, the anthropological landmarks must be fully understood for accurate 
placement of the markers (Taylor 2001). Furthermore, it is important to realize how the 
craniometric points correspond to the cephalometric points, as some of the landmarks are 
not a direct perpendicular relationship (George 1993). Appendix 2 contains tissue depth 
tables that may be of use to the forensic artist working cases in the United States. Several 
additional tissue depth tables can be found in Wilkinson (2004).
Three-Dimensional Clay Reconstruction
Early attempts at facial reconstruction were performed on prehistoric skulls and 
ancient archaeological specimens (Wilkinson 2004). Russian palaeontologist Mikhail
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Gerasimov reconstructed hundreds of our prehistoric ancestors including the specimen 
known as “Rhodesian Man” (see Figure 2) and historic subjects with an anatomical 
method of facial reconstruction he developed, referred to as the Russian Method 
(Gerasimov 1971, Wilkinson 2004). Gerasimov’s method is not based on tissue depths, 
but rather builds upon the musculature of the face (Gerasimov 1971). Although 
anthropologist Harris Wilder introduced Americans to the European method of facial 
reconstruction in 1912 (Wilkinson 2004), in the United States the method of facial 
reconstruction in a medico-legal context is credited to Wilton Krogman in the 1940s 
(Byers 2002). Krogman and sculptress Mary Jane McCue conducted an experiment in 
which a bust was sculpted on a skull of a known individual (Krogman 1946). Krogman 
photographed a cadaver before he defleshed it and submitted it to McCue. Krogman 
(1946) compared the finished bust with the postmortem photographs (see Figure 3) and
Figure 2. Facial reconstruction of “Rhodesian Man” by Mikhail Gerasimov (from 
Gerasimov 1971:64-65)
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concluded that the reconstruction was readily recognizable and that the entire technique 
was useful in the identification of an individual represented by only a skull. 
Nevertheless, due to criticism of the technique by colleagues, it was not widely used for 
the next 20 years (Byers 2002).
Figure 3. Facial reconstruction (left) and postmortem photograph (right) by Krogman 
and McCue (from Krogman 1946:17)
In the mid 1960s, anthropologist Dr. Clyde Snow and Betty Pat Gatliff reviewed 
the existing information on facial reconstruction and developed a method based on the 
use of tissue-depth data combined with anatomical knowledge (Taylor 2001). Trained as 
a medical illustrator, in 1967 Gatliff attempted her first reconstruction case (see Figure 4) 
which led to a positive identification (Taylor 2001). Research by Snow et al. (1970) 
indicated that there was real potential for this process in forensic contexts (Rhine 1990). 
In 1979, Gatliff produced a demonstrational video recording that takes the viewer step by
14
Figure 4. Facial reconstruction (left) and subject identified (right) by Gatliff in 1967 
(from Taylor 2001:25)
step through her method of facial reconstruction. In 1983, she offered the first training 
class in facial reconstruction, and currently teaches her Basic Facial Reconstruction 
Sculpture course four times per year and her Advanced Facial Reconstruction Sculpture 
course once per year (Taylor 2005). For over thirty years, Gatliff has refined and taught 
the technique that is now known as the Gatliff-Snow Method or the American Method 
(Taylor 2005). She generously shares her valuable knowledge that she has gained 
throughout her years of experience. She is well-respected in forensic circles and is 
internationally recognized as a pioneer in the area of three-dimensional reconstruction 
(Taylor 2001).
15
The American Method
Either the skull or a replica can be used as a base for the application of clay 
(Caldwell 1986, Rogers 1987). Some artists feel that they can not afford the additional 
time and materials required to produce a replica. Many forensic artists sculpt on a replica 
of the skull for legal reasons (law enforcement may require that the skull be preserved as 
evidence in the same condition as it was discovered), emotional reasons, out of respect 
for the deceased, or as a personal preference (Rogers 1987). The use of a replica such as 
a plaster cast allows the sculptor to exert considerable pressure to manipulate and smooth 
the clay without having to worry about damaging delicate bone. A replica is also a 
solution for a skull that is damaged, incomplete, or otherwise too fragile to sustain the 
weight of the clay. Use of a replica has the added benefit of leaving the skull available 
for reference during the sculpting process.
Before beginning to sculpt, the skull should ideally be mounted on a stand and 
positioned in the Frankfort Horizontal Plane to approximate the natural position of the 
head in life (Krogman 1946, Taylor 2001). The artist will need to select the correct tissue 
thickness table, cut cylinders of rubber accordingly, and glue them onto the skull or 
replica at the proper landmarks (Gatliff 1984). Adjacent tissue depth markers are 
connected to one another using graduated strips of modeling clay (Gatliff 1984, Nelson 
and Michael 1998). Once a latticework has been established, the open spaces are filled 
in, forming the shape of the face (Gatliff 1984). Next the eyes, nose, mouth and ears are 
added (Caldwell 1986). These facial features are difficult to sculpt because of the 
minimal underlying bony structure. Practitioners of facial reconstruction have differing 
opinions about the importance of the facial details of the face. Caldwell (1986:231) feels
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that “correct restoration of the facial details is crucial to the recognizability of the 
finished face when it is viewed by family and/or friends of the deceased for 
identification.” To look at the reconstruction by J. Stanley Rhine (1984) is to see that this 
is not always the case (see Figure 5). The images show that the facial details are not 
necessarily restored correctly, nor are they lifelike; however, the sculpture was quickly 
recognized and the individual was identified by relatives, whose only criticism was the 
length of the hair depicted by the sculpture (Rhine 1984). In contrast to Caldwell, Byers 
(2002:383) argued that the desired result of the facial reconstruction is a sculpture that is 
average in appearance, and that “by avoiding extremes, recognition by a wide variety of 
people is possible, thereby increasing the chance of a personal identification.” A more 
general reconstruction without specific characteristics may trigger a viewer to consider it 
possible that it resembles someone they know, and allows them to use their imagination
Figure 5. Facial reconstruction (left) and subject identified (right) (from Rhine 1984:359)
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(Craig1992, Nelson and Michael 1998). George ( 1987:1318) said, “For the 
reconstruction artist, conservatism is the key.” In 1993 George observed that as long as 
the major facial features are accurately positioned, that “in some cases this alignment 
alone is enough to generate the desired lead” (226). De Greef and Willems (2005:3) said, 
“Research on facial perception had suggested that the individual identity of a face is a 
function of the scale, position and ratio of facial features relative to each other.” Further, 
they state that generic features positioned correctly on an unidentified skull will take on 
the identity of the possessor of that skull. Thus, without any indications from bony 
landmarks as to the specific details of the facial features (eyelids, lower nose, mouth, 
ears), it is possible that simply knowing the arrangement of them on the skull and placing 
them accordingly is enough to lead to recognition.
After the facial features have been developed, finishing details can be added. 
These include smoothing and texturing the skin, forming a neck, adding hair to the head 
by sculpting with clay or using a wig, adding facial hair such as eyebrows, sideburns, 
moustache, beard, and adding wrinkles to indicate age, if appropriate. Accessories such 
as glasses, jewelry or a hat can be added if found with the remains. Although law 
enforcement agencies will not likely release these items from their custody, the artist may 
be able to obtain a photograph or description of the items and find similar accessories 
which can be purchased inexpensively at a thrift shop. A detailed description for creating 
a three-dimensional facial reconstruction is available in Gatliff and Taylor (2001). Once 
a facial reconstruction is completed, photographs can be taken and given to the media for 
distribution to the public.
18
Taylor (2001) noticed that in her cases that resulted in hits, the nose was usually 
the most accurate feature of the reconstruction. According to George (1987) the nose is 
probably the most distinguishing feature of the face but is especially frustrating for 
reconstructive work because its bony framework is so limited. A study by Macho (1989) 
found that the shape of the nasal bones have little or no influence on the appearance of 
the external nose. When attempting to reconstruct the nose, one factor to consider is the 
nasal width. Currently, forensic artists producing facial reconstructions add a variable 
amount of clay to the greatest breadth of the nasal aperture to arrive at the individual’s in 
vivo nasal width. For estimating width, one method is to assume that the nasal aperture 
makes up three-fifths of the nasal width with the wings making up the other two-fifths 
(Krogman and I§canl986, Rogers 1987). To use this method, the maximum width of the 
nasal aperture is multiplied by 1.67 to arrive at the soft-tissue nasal width. Research by 
Schultz (1918) found the difference between the nasal aperture and the greatest breadth 
across the alae to be 9.9 mm in adult Whites and 14.9 mm in adult Blacks. More 
recently, Hoffman et al. (1991) analyzed male skulls from the Terry Collection at the 
Smithsonian Institution’s National Museum of Natural History and came up with a 
revised formula of adding 12.2 mm to the aperture width of Whites and 16.8 mm for 
Blacks. The technique used in the American method of facial reconstruction is to add 5 
mm to each side of the nasal aperture in WTdtes and 8 mm in Blacks, for a total of 10 mm 
for Whites and 16 mm for Blacks (Gatliff 1984, Krogman and l§canl986, Gatliff and 
Taylor 2001).
Dental anomalies can be good identifiers and if feasible, should be shown to 
advantage in a reconstruction by using a smiling or open-mouthed expression to reveal
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the teeth (Taylor 2001) (see Figure 6). In the case of edentulous remains it is possible to 
make an identification based on dentures or bridgework (Luntz and Luntz 1973). Even a 
perfect set of natural teeth can be an important factor in identification (Rathbun and 
Buikstra 1984, Craig and Bass 1993, Taylor 2001). Forensic artists have to determine on 
a case by case basis, whether it is appropriate to reveal the teeth in the facial 
reconstruction. If teeth have been lost or damaged during the postmortem interval, it is 
probably best to depict the mouth in a closed position, since it is impossible to determine 
what the teeth may have looked like. To go ahead with an open-mouthed expression with 
the teeth missing would be misleading to those who view the completed reconstruction 
and may cause confusion. To fill in the gaps by creating teeth with clay or wax will also 
be misleading if done incorrectly. In a case in which the decedent has a particularly 
unique crown or dental feature that is likely to be recognized by the public if revealed, an 
exception can be made. If the rest of the dentition is present except for one or two teeth
Figure 6. Facial reconstruction (left) showing unusual dentition and subject identified 
(right), by Gatliff (from Gatliff and Taylor 2001:465)
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that were lost postmortem, it is possible to restore them by mirroring a tooth from the 
opposite side of the mouth. Antemortem losses can and should be depicted in an open- 
mouthed expression, assuming that the remainder of the dentition is in antemortem 
condition as well. Artists who are unable to make the distinction between antemortem 
and postmortem losses should collaborate with a forensic anthropologist or forensic 
odontologist for guidance.
As an alternative to using an open-mouthed expression (see Figure 7), Gatliff 
developed a method for depicting the teeth in the facial reconstruction by forming the 
mouth into a full smile (see Figure 8). Gatliff and Taylor (2001) emphasized that the 
entire face is involved in smiling, however instructions for creating the smile are not 
presented in the text. Gatliff s method for creating the smiling mouth is taught in her 
Basic Facial Reconstruction Sculpture workshop. During the Basic workshop an
^  %
Figure 7. Facial reconstruction depicting the open-mouthed expression to show dentition, 
by Taylor (from Gatliff and Taylor 2001:453)
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Figure 8. Skull (left), smiling facial reconstruction of 14 year old boy by Gatliff (center), 
and antemortem photograph at a slightly younger age (right) (from Gatliff and Taylor 
2001:459). Note that the reconstructed nose appears narrow in comparison to the in vivo 
nasal width.
instructional handout is distributed to students that illustrates the steps for creating the 
smile (see Appendix 3). Currently, Gatliff s instructions do not include any change to the 
nose. Research by Craig and Bass (1993) found significant changes to the face that occur 
when smiling (see Table 3). This study revealed that the neisal alae are drawn up and 
back and the tip of the nose lowers (Craig and Bass 1993). Because metric calculations 
were not performed during that study, no metric data have been available until now to 
forensic anthropologists and forensic artists to ascertain smiling nasal width. Gatliff s 
handout (2004) emphasizes adding small puffs under the eyes and pushing the cheeks 
upward slightly when creating the open mouth reconstruction. In addition to those 
instructions, this study proposes that increasing the nasal width should be added to the 
procedures taken by forensic artists when creating the smiling mouth.
2 2
Table 3. Changes in Facial Contour Produced by Smiling
1 The lower eyelid elevates.
2 The outer comers of the eyes appear constricted.
3 There is an increase in the depth of the soft tissues 
that overlay the anterior zygomatic arch.
4 The nasal alae are drawn up and back.
5 The tip of the nose lowers.
6 The nasal-labial fold becomes prominent.
7 The upper lip raises to expose the maxillary teeth, 
and the curve of the lip is reduced.
8 The tissue depths of both the upper and lower lips 
decrease.*
9 The comers of the mouth, normally parallel with the 
pupil of the eye, become more closely parallel with 
the outer edge of the iris.
10 The tissue depths of the mid-philtrum and 
infradentale areas decrease.*
11 The mandible drops and retracts, and the teeth no 
longer occlude *
* Probably the least recognized significant changes that occur. 
(Craig and Bass 1993)
Because the nose is a trouble spot for many artists, any information that can help 
to make the aspect of nasal width less subjective should be beneficial. The purpose of 
this study was to determine whether the width of the nose should be increased when 
producing a smiling version of the facial reconstruction. Nasal widths were measured on 
a random sampling of volunteers to determine the average amount of alar flare that 
occurred when smiling. Because measurement data are believed to be objective, 
anthropologists have correctly placed a high degree of faith in the reliability of metric
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data (Adams and Byrd 2002). I hypothesize that the width of the alar portion of the nose 
increases when smiling. I will reject this hypothesis if the mean width of the alar portion 
of the nose when smiling is not significantly wider than the identical measurement taken 
when not smiling. If my hypothesis is supported I will report the average increase in alar 
width of the nose so that this information may be used by myself and others who perform 
facial reconstructions.
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CHAPTER 2
MATERIALS AND METHODS
A total of 107 volunteers participated in this study. Volunteers for the project 
were selected through word of mouth from a pool of personal acquaintances, colleagues, 
and introductory anthropology students at The University of Montana. A brief 
biographical data sheet and an informed consent form were completed for each subject. 
Information collected included name, sex, age group and ancestral background. 
Participants were required to be at least 18 years of age. No particular sex or ancestral 
group was selected for. Tables 4, 5, and 6 provide the frequencies of sex, age group and 
ancestry for the subjects that participated in the study.
Table 4. Frequency by Sex
Frequency Percent
Female 67 62.6
Male 40 37.4
Total 107 100.0
Table 5. Frequency by Age in Years
Frequency Percent
18-19 43 40.2
20-29 45 42.1
30-39 7 6.5
40-49 10 9.3
50-59 2 1.9
Total 107 100.0
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Table 6. Frequency by Ancestry
Frequency Percent
European 80 74.8
Asian 11 10.3
Hispanic 10 9.3
American Indian 5 4.7
African 1 0.9
Total 107 100.0
An eight-inch digital caliper was used to take measurements on each subject. The 
subject was seated during the measuring process. For each subject, two cephalometric 
measurements were taken of the greatest breadth across the alae (see Figure 9). The first 
measurement was with the subject in a relaxed expression to establish the baseline width 
of the nose. The second measurement was with the subject in a smiling expression with 
the teeth exposed. The caliper was zeroed before each measurement. The extent of the 
subject’s smile was not controlled for any degree of uniformity. Subjects were instructed 
to smile in the same way they would for a driver’s license photograph, a portrait, or in an 
everyday manner, however, wide enough that the teeth were exposed. The same smile 
that a person’s relatives and acquaintances would recognize him or her is the smile that 
the facial reconstruction hopes to duplicate.
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Figure 9. Showing the site of measurement at the greatest breadth across the alae: Al’- 
Al’ (illustration modified from George 1993)
After all of the subjects were measured, the data were entered into an Excel 
spreadsheet and the difference between the two measurements for each subject was 
calculated. This measurement represented the increase in alar flare. Because the 
formulas for estimating nasal width are not separated by sex or age, and due to the small 
sample sizes for all ancestries other than European, the average alar flare was calculated 
for the group as a whole. The data were also entered in SPSS 10.0 for Windows and a t- 
test for paired measurements was performed to determine whether the mean difference 
was significantly different from zero. A linear regression test was also performed to see 
if smiling width can be predicted from relaxed width.
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CHAPTER 3
RESULTS
Early in the study, it was subjectively observed that narrower noses seemed to 
have a greater increase in width during the smile, whereas noses that were relatively wide 
in baseline measurement had very little additional spread during the smile, although this 
was not supported by a scatterplot graph of the data (see Figure 10). Whether a nose was 
considered narrow or wide was my subjective opinion and no attempt was made to 
formally classify noses as narrow or wide.
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Figure 10. Scatterplot of smiling width against relaxed width
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The amount of increase in nasal width produced by smiling ranged from 1.83 mm 
to 9 mm. The mean nasal flare for the group as a whole was 4.61 mm with a standard 
deviation of 1.28 (see Figure 11).
Smiling Alar Flare in millimeters
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Figure 11. Histogram showing frequencies in alar flare
T-Test Results
The paired-samples t-test shows that the probability is zero (p = 0.00) that there is 
no change between the relaxed width of the nose and the smiling width. A summary of 
the samples statistics, correlations, and t-test results are presented in Tables 7, 8 and 9, 
respectively.
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Table 7. Paired Samples Statistics
Mean N Std. Deviation
Std. Error 
Mean
Pair Relaxed Width 34.0031 107 2.9811 .2882
1 Smiling Width 38.6119 107 3.2579 .3150
Table 8. Paired Samples Correlations
N Correlation Sig.
Pair Relaxed Width & 
1 Smiling Width 107 .919 .000
Table 9. Paired Samples Test
Paired Differences
t df
Sig.
(2-tailed)Mean
Std.
Deviation
Std.
Error
Mean
95% Confidence 
Interval of the 
Difference
Lower Upper
Pair Relaxed 
1 Width - 
Smiling 
Width
-4.6088 1.2813 .1239 -4.8544 -4.3632 -37.207 106 .000
Regression Analysis Results
The regression analysis shows that smiling nasal width can be predicted by 
relaxed nasal width. The regression equation is as follows:
Smiling Width = 4.445 + 1.005 x Relaxed Width.
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My initial method based on simply adding a constant reduces to a very similar 
expression:
Smiling Width = 4.6 + 1.0 x Relaxed Width.
A summary of the regression analysis results are presented in Tables 10, 11, 12 and 13,
Table 10. Variables Entered/Removed**
Model
Variables
Entered
Variables
Removed Method
1 Relaxed
Width Enter
3 All requested variables entered, 
b. Dependent Variable: Smiling Width
Table 11. Model Summary
Model R R Square
Adjusted 
R Square
Std. Error of 
the Estimate
1 .919^ .845 .844 1.2873
3 Predictors: (Constant), Relaxed Width
Table 12. ANOVA*
Model
Sum of 
Squares df Mean Square F Siq.
1 Regression 951.088 1 951.088 573.934 .000®
Residual 173.999 105 1.657
Total 1125.087 106
a Predictors: (Constant), Relaxed Width 
b. Dependent Variable: Smiling Width
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Table 13. Coefficients®
Unstandardized
Coefficients
Standardized
Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 4.445 1.432 3.105 .002
Relaxed Width 1.005 .042 .919 23.957 .000
a. Dependent Variable: Smiling Width
32
CHAPTER 4
DISCUSSION
Interpretation o f Results
The scatterplot graph indicating the relationship between relaxed nasal width and 
smiling nasal width did not reflect my belief that narrow noses increased more during the 
smile than relatively wider noses. I believe this is because the projection of the nose is 
not accounted for, and that the projection of the nose partly determines the size and shape 
of the alae and thus the amount of nasal flare.
The results of the t-test show that there is significant change between the relaxed 
width of the nose and the smiling width. Therefore, the statistics support my hypothesis 
that there is a significant difference in nasal width that occurs when a person smiles.
The similarity between the regression equation for predicting smiling nasal width 
is remarkably similar to my own formula for estimating smiling width. The statistically 
significant correlation shows the validity of my hypothesis in this study. I maintain that 
the mean width calculated from the data should be added to the relaxed width to arrive at 
the smiling width.
Validity o f  Facial Reconstruction
Facial reconstruction is often criticized because of its low statistical success rates 
(Phillips 2001). Several researchers have attempted to assess the accuracy of facial 
reconstruction and have reported a wide variation in success rates (Krogman 1946, Snow 
et al. 1970, Garasimov 1971, Gatliff and Snow 1979, Frag and Neave 1997, Manhein et
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al. 2000, Stephan and Henneberg 2001, Stephan 2002, Stephan et al. 2003). Rates of 
identification are said to be generally low by Stephan (2002), to almost 100 percent by 
Gerasimov (1971). Although the degree of resemblance between the facial 
reconstruction and the decedent is a subjective judgment, the success rate will vary 
according to the skill and experience of the sculptor (Gatliff and Snow 1979). A low 
success rate would not be surprising given that the technique is most often used when all 
traditional methods of identification have already failed (Reichs and Craig 1998). 
Because only the most difficult cases result in facial reconstruction, the chances for 
positive identification are fairly remote from the outset (Reichs and Craig 1998). 
Nevertheless, facial reconstruction is successful often enough that research continues 
(Reichs and Craig 1998). Since facial reconstruction is still subjective, scientists and 
forensic artists continue to develop methods to improve its rate of success (Reichs and 
Craig 1998).
A visual identification by a relative or fiiend of the decedent is necessary in order 
to make a presumptive personal identification (Caldwell 1981, 1986). There are 
numerous reasons why a facial reconstruction may fail to bring about an identification. 
One possibility is insufficient media attention or inadequate dissemination of the images 
to the public and to law enforcement agencies (Reichs and Craig 1998). If the images of 
the sculpture do not reach the individuals to whom the decedent was known, it cannot be 
of much help (Reichs and Craig 1998). If the decedent traveled far away from home, it is 
very possible that the images will not reach the community that he or she came from, and 
at the same time, no one in the area where the remains were discovered will recognize the 
individual depicted by the facial reconstruction. Another possibility is that the decedent
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had no relatives to report him or her missing and therefore no one that would be looking 
for him or her. It is possible that someone viewing the reconstruction does recognize the 
likeness of the individual, but does not come forward because they are responsible for the 
death of the individual. Open communication and cooperation between the scientific 
community, law enforcement personnel, the media, and the public can help the chances 
of success of the facial reconstruction (Reichs and Craig 1998).
Facial reconstruction is also criticized because of the lack of scientific 
reproducibility of the final product—because the facial reconstruction is not an exact 
reproduction of the decedent (Phillips 2001), and the issue of repeatability (Tyrrell et al. 
1997). No two artists will produce identical results on the same skull, and similarly one 
artist repeating a sculpture on the same skull at different times may get different results 
each time. It is for this reason that facial reconstructions are not likely to serve as 
evidence of positive identification in a court of law (Tyrrell et al. 1997). Phillips (2001) 
argued that the facial features that are achieved through facial reconstruction are not 
expected to be an exact replica of the decedent. A facial reconstruction will only produce 
an image which is a gross approximation that may lead someone to suggest that the face 
reminds him or her of a particular person who is missing (Phillips 2001). Gatliff 
(1984:331) explained, ‘Tf the sculpture is done correctly and as accurately as possible 
within the limitations of the technique, it is usually worth a try.” When the only other 
alternative in the investigation is the possibility that the individual will remain 
unidentified, any information that may help in the search for their identity is likely to be 
useful (Pretty and Addy 2002).
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Because forensic art is a combination of both science and art (Cherry and Angel 
1977, Krogman and l§can 1986, George 1987, Stewart and Richlin 1989, Phillips and 
Smuts 1996, Tyrrell et al. 1997, Reichs and Craig 1998, Phillips 2001, Taylor 2001, 
Byers 2002, Kahler et al. 2003), the forensic artist must be dually skilled in order to 
maximize the quality of sculptures created. Forensic artists can improve on artistic skill 
by studying the available literature on facial reconstruction techniques and practicing 
these techniques. On a scientific or technical level, we can continue revising current 
procedures as new information becomes available through research projects. We can 
make every effort to minimize error both between the results achieved by different 
anthropologists and artists involved in this field, and also in the degree of mismatch 
between the subject’s living appearance and the facial reconstruction (Tyrrell et al. 1997).
Future Directions
Future studies should examine smiling nasal width increases and compare results 
among different populations, such as various ancestral groups and adults versus 
subadults. In addition, future studies of nasal breadth may benefit from not only 
measuring the width, but also the height and perhaps the projection of the nose to allow 
the increase in smiling width to be expressed as a percentage change of the entire nose. 
The nasal index is the expression of the ratio of the nasal breadth to nasal height (Schultz 
1918, Stibbe 1930, Rogers 1984). Although the nasal index is an antiquated 
anthropological measurement, a similar index may be useful in helping to understand 
why some noses spread very little and others spread a great deal. The size and shape of 
the alae and the projection of the nose most likely correlate to how much the wings flare
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laterally during the smile. However, when dealing with only the skull, determining the 
potential for alar flare may be impossible.
37
CHAPTER 5
CONCLUSION
One hundred and seven adult subjects were measured and anailyzed to determine 
an average amount of increase in nasal width that occurs when smiling. This research 
revealed that additional width should be applied to the nose when sculpting or drawing a 
smiling version of a facial reconstruction. Because my formula for predicting smiling 
nasal width is so similar to the regression equation, I propose that 4.6 mm should be 
added to the relaxed nasal width to arrive at the smiling nasal width, or 5 mm after 
rounding to the nearest whole millimeter. Rounding to the nearest whole millimeter 
allows the artist to easily divide the measurement by two, and add 2.5 mm to each side of 
the nose. It is my opinion that the technique used in the American Method of facial 
reconstruction of adding 10 mm for Whites and 16 mm for Blacks to the nasal aperture to 
arrive at nasal width underestimates the width of the nose, and therefore, the additional 
0.4 mm gained by rounding up from 4.6 mm to 5 mm should not result in an excessively 
wide nose. This seems to be supported by the study by Hoffman et al. (1991) which 
revised the formula to add 12.2 mm for Whites and 16.8 mm for Blacks. When 
producing a smiling version of a facial reconstruction, the forensic artist should increase 
the nasal width to achieve a closer likeness of the individual in question. Although the 
main focus of this research has been on three-dimensional clay reconstruction, this 
guideline is also applicable to two-dimensional facial reconstruction from the skull, in 
both forensic and archaeological contexts.
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There is an imperative need for a cooperative effort among participating scholars, 
forensic anthropologists and artists, to share information, research data and case 
examples to improve the usefulness of facial reconstruction techniques (Caldwell 1986). 
As expressed best by Phillips (2001), facial reconstruction has merit and yields 
remarkable results, the most important being the gratitude of the relatives of the identified 
victim. The hope is that this information will lead to an increase in the accuracy of facial 
reconstructions, thus leading to an increase in positive identifications and ultimately lend 
more credibility to the practice of facial reconstruction.
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APPENDIX 1: Craniofacial Definitions
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CRANIOMETRIC POINTS
modified from George (1993)
, , D a
Na
Craniometric points, frontal view Craniometric points, lateral view
1. Inion (I): A point at the base of the external occipital protuberance. It is the 
intersection of the midsagittal plane with a line drawn tangent to the uppermost 
convexity of the superior nuchal line.
2. Lambda (L): The point of intersection of the sagittal and lambdoidal sutures.
3. Bregma (B): The point of intersection of the sagittal and coronal sutures. The vertex 
is the highest point of the skull and thus is not fixed.
4. Glabella (G): The most prominent point between the supraorbital ridges in the 
midsagittal plane.
5. Nasion (N): The midpoint of the suture between the frontal and the two nasal bones.
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6. Nasale (Na): The anterior tip of the nasal bones at their junction with the lateral nasal 
cartilages.
7. Nasospinale (Ns): The point where a line drawn between the lower margins of the 
right and left nasal apertures is intersected by the midsagittal plane.
8. Alare (Al): The most lateral point on the nasal aperture.
9. Point A (Subspinale in anthropology): The deepest midline point on the indentation 
between the anterior nasal spine and the supradentale.
10. Supradentale (Sd: alveolare or prosthion in anthropology): The apex of the alveolus in 
the midline between the maxillary central incisors.
11. Incisor superius (Is): The tip of the crown of the most anterior maxillary central 
incisor.
12. Infi'adentale (Id): The apex of the alveolus in the midline between the mandibular 
central incisors.
13. Point B (Supramentale in anthropology): The deepest midline point on the indentation 
between the infradentale (Id) and pogonion (Pog).
14. Pogonion (Pog): The most anterior point in the midline on the mental protuberance.
15. Gnathion (Gn): A constructed point midway between the most anterior (Pog) and 
most inferior (Me) points on the chin.
16. Menton (Me): The lowest point on the mandible (also considered as the most caudal 
point in the outline of the mental symphysis in X-rays).
17. Gordon (Go): A constructed point, the intersection of the lines tangent to the posterior 
margin of the ascending ramus and the mandibular base, or the most lateral point at 
the mandibular angle.
18. Zygion (Zy): The most lateral point on the zygomatic arch.
19. Dacryon (Da): The point of junction of the fi-ontal, maxillary, and lacrimal bones on 
the medial wall of the orbit.
20. Ectoconchion (Ec): The most lateral point of the lateral wall of the orbit.
21. Orbitale (Or): The most inferior point on the margin of the orbit.
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C EPH A LO M ETR IC PO INTS
modified from George (1993)
B'
T r
N a *
b .  S n
S is
—  Sto
—  LI
“ I l s
Pog’
Go
‘on’
M e
Cephalometric points, lateral view
zy'
I l s
Go
M e'
Cephalometric points, frontal view
1. Inion (r): The soft tissue point directly above I.
2. Lambda (L’): The soft tissue point directly above L.
3. Bregma (B’): The soft tissue point directly above B. The vertex is the highest point of 
the scalp.
4. Trichion (Tr): The point on the hairline (if present) in the midsagittal plane. There is 
no corresponding definitive craniometric point.
5. Glabella (G’): In the midline, the depression between the eyebrows.
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6. Nasion (N’): In the midline, the point of maximum convexity between the nose and 
forehead. Frontally, the point is located at the midpoint of a tangent between the right 
and left superior palpebral folds.
7. Nasale (Na’): The soft tissue point directly above Na.
8. Subnasale (Sn): The midpoint of the columella base at the angle where the lower 
border of the nasal septum meets the upper lip.
9. Alare (AF): The most lateral point on the alar contour.
10. Superior labial sulcus (Sis); The point of maximum indentation of the upper lip.
11. Labiale superius (Ls): The midpoint on the vermilion line of the upper lip.
12. Stomion (Sto): The point at the intersection of the midsagittal plane with the 
horizontal labial fissure between gently closed lips, with teeth shut in the natural 
position.
13. Labiale inferius (Li): The midpoint on the vermilion line of the lower lip.
14. Inferior labial sulcus (11s): The point of maximum indentation of the lower lip, usually 
at its junction with the soft tissue chin.
15. Cheilion (Ch): The point located at each labial commissure.
16. Pogonion (Pog’): The most anterior point of the soft tissue chin.
17. Gnathion (Gn’): The point on the soft tissue chin midway between Pog’ and Me’.
18. Menton (Me’): The lowest point on the midsagittal plane of the soft tissue chin.
19. Gonion (Go’): The most lateral point of the jawline at the mandibular angle.
20. Zygion (Zy’): The most lateral point of the cheek (zygomaticomalar) region.
21. Ectocanthion (Ec): The point at the outer commissure (lateral canthus) of the 
palpebral fissure just medial to the malar tubercle (of Whitnall) to which the lateral 
palpebral ligaments are attached.
22. Endocanthion (En): The point at the inner commissure (medial canthus) of the 
palpebral fissure.
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CRANIOFACIAL CORRELATIONS
modified fi-om George (1993)
No —N»'
pog — Pog'
Go
Go
Me
Me*
Craniofacial correlations, lateral view Craniofacial correlations frontal view
1. I/I’ : a direct perpendicular
2. L/L’: a direct perpendicular
3. B/B ’ : a direct perpendicular
4. G/G’ : a direct perpendicular
5. N/N’: N ’ is usually 2-3 mm lower than N as determined from lateral craniographs.
6. Na/Na’ : a direct perpendicular
7. Ns/Sn: Sn is lower than Ns since the medial crus of the greater alar cartilage passes 
below the anterior nasal spine.
8. AI/Al’: On the average, in Whites, Al’ is approximately 5 mm lateral to Al (Gatliff 
1984), but this point is highly variable.
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9. Point A/Sls: While point A is fixed. Sis is highly variable. Usually, the upper lip is 
gently curved, but it may be markedly concave, straight, or convex. The midpoint of 
the curvature is generally lower than point A. In some cases the artist must assume 
“lip strain.”
10. Sd/Ls: In Whites, the vermilion border of the upper lip cuts across the upper quarter 
mark of the maxillary central incisor and thus is lower than Sd.
11. Is/Sto: The stomion is variable and depends upon the state of tension of the lips. 
Usually the oral fissure cuts across the lower third or quarter mark of the maxillary 
central incisor and thus is higher than Is.
12. Id/Li: Li is the most difficult point to assess. In general, the vermilion border of the 
lower lip cuts across the lower three-quarter mark of the mandibular central incisor 
and thus is slightly higher than Id.
13. Point B/Ils: Ils is also highly variable. In males this mentolabial contour is more 
acutely angled than in females and the Ils is usually higher than point B.
14. —/Ch: The cheilion has no direct craniometric counterpoint. In the lateral view, this 
point usually projects to the maxillary canine tooth, and in the frontal view to a point 
between the maxillary canine and first premolar. Accuracy in this projection is foiled 
by dental variation.
15. Pog/Pog’: Pog’ is usually slightly higher than Pog, especially in males.
16. Gn/Gn’: Gn’ is a constructed point and will usually be anterior and inferior to Gn.
17. Me/Me’: a direct perpendicular
18. Go/Go’: By definition Go’ is lateral and inferior to Go.
19. Zy/Zy’ : A direct perpendicular
20. —/Ec: The ectocanthion has no direct craniometric counterpoint. This is an 
extremely critical point and projects into the orbit just medial to the malar tubercle (of 
Whitnall), to which the lateral palpebral ligaments are attached (Stewart 1983).
21. —/En: The endocanthion has no direct craniometric counterpoint. This point is also 
extremely critical and projects into the orbit to the midpoint of the posterior 
(ethmoidal) border of the lacrimal bone. It is important to note that the medial 
canthus is usually lower in its orbital projection than the lateral canthus.
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APPENDIX 2: Facial Tissue Thickness Tables
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Tissue Depths (mm) for Whites (Historical Cases) 
by Kollman and Buchly, 1898 
modified from Wilder and Wentworth (1918)
abbrev. Location of point Male Female
1 stl Upper forehead (at hairline) 3. 50 3. 50
2 st2 Lower forehead (at glabella) 4. 75 4. 25
3 nw Nasal root (nasion) 5. 00 4. 50
4 nr Mid nasal bone 3. 25 2. 75
5 ns End of nasals 2. 00 2. 00
6 ow Root of upper lip (at septum) 11.50 10. 00
7 Ig Mid philtrum 9. 50 8. 25
8 kl Mental sulcus (furrow of chin) 10. 00 10. 00
9 k2 Prominence of chin 10.25 10. 00
10 k3 Under the chin 6. 00 6. 25
11 oa Mid eyebrow 5. 75 5.25
12 ua Mid infraorbital 4. 25 4. 50
13 uk Front of masseter 8.25 7. 25
14 jb2 Root of zygomatic arch 6.75 7. 00
15 jbl High point of zygomatic arch 4. 25 5. 25
16 wb High point on malar 6. 75 7.75
17 ms Mid masseter 17. 50 16. 00
18 kw Jaw angle (gonion) 10. 50 9. 50
§IftP"wb
uk
u k IC5
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Tissue Thickness (mm) of American Whites
By Rhine and Moore, 1980
(Modified from Taylor and Gatliff 2001)
Slender Normal Obese
Measurement
Male
(3)
Female
(3)
Male
(37)
Female
(19)
Male
(8)
Female
(3)
1. Supraglabella 2.25
Midline
2.50 4.25 3.50 5.50 4.25
2. G labella 2.50 4.00 5.25 4.75 7.50 7.50
3. Nasion 4.25 5.25 6.50 5.50 7.50 7.00
4. End of nasals 2.50 2.25 3.00 2.75 3.50 4.25
5. M id-phlltrum 6.25 5.00 10.00 8.50 11.00 9.00
6. U pper lip m argin 9.75 6.25 9.75 9.00 11.00 11.00
7. Lower lip m argin 9.50 8.50 11.00 10.00 12.75 12.25
8. C hin-lip  fold 8.75 9.25 10.75 9.50 12.25 13.75
9. M ental em inence 7.00 8.50 11.25 10.00 14.00 14.25
10. Beneath chin 4.50 3.75 7.25 5.75 10.75 9.00
11. Frontal em inence 3.00
Bilateral
2.75 4.25 3.50 5.50 5.00
12. Supraorbital 6.25 5.25 8.25 7.00 10.25 10.00
13. Suborbital 2.75 4.00 5.75 6.00 8.25 8.50
14. Inferior m alar 8.50 7.00 13.25 12.75 15.25 14.00
15. Lateral o rb it 5.00 6.00 10.00 10.75 13.75 14.75
16. Zygom atic arch, halfway 3.00 3.50 7.25 7.50 11.75 13.00
17. Supraglenoid 4.25 4.25 8.50 8.00 11.25 10.50
18. G onion 4.50 5.00 11.50 12.00 17.50 17.50
19. Supra 12.00 12.00 19.50 19.25 25.00 23.75
20. O cclusal line 12.00 11.00 18.25 17.00 23.50 20.25
21. Sub M 2 10.00 9.50 16.00 15.50 19.75 18.75
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Location of Tissue Depth Markers for Rhine et ai. Tables
(Modified from Taylor and Gatliff 2001)
f
9 10
1. Supraglabella: Above glabella
2. Glabella: The most prominent point between the supraorbital ridges in the midsagittal plane
3. Nasion: The midpoint o f  the suture between the frontal and the two nasal bones
4. End of nasals: The anterior tip or the farthest point out on the nasal bones
5. Mid-philtrum: The midline o f  the maxilla placed as high as possible before the curvature o f  
the anterior nasal spine begins
Upper lip margin: Centered between the maxillary central incisors at the level o f  the 
cementum enamel junction (CEJ)
Lower lip margin: Centered between the mandibular central incisors at the level o f  the CEJ 
Chin-lip fold: The deepest midline point o f  indentation on the mandible between the teeth 
and the chin protrusion
Mental eminence: The most anterior or projecting point in the midline on the chin 
Beneath chin: The lowest point on the mandible
11. Frontal eminence: Place on the projections at both sides o f  the forehead
12. Supraorbital: Above the orbit, centered on the upper most margin or border
13. Suborbital: Below  the orbit, centered on the lower most margin or border
14. Inferior malar: The lower portion o f  the maxilla, still on the cheekbone
15. Lateral orbit: Drop a line from the outer margin o f  the orbit and place the marker about 10 
mm below  the orbit
16. Zygomatic arch, midway: Halfway along the zygomatic arch (this is not necessarily 
correspondent to the suture line. It is generally the most projecting point on the arch when 
view ed from above.)
17. Supraglenoid: A bove and slightly forward o f  the external auditory meatus at the deepest 
point
18. Gonion: The most lateral point on the mandibular angle
19. Supra M*: A bove the second maxillary molar
20. Occlusal line: On the mandible in alignment with the line where the teeth occlude
21. Sub Mz: Below  the second mandibular molar
6 .
7.
8 .
9.
10.
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Tissue Thickness (mm) of American Blacks
By Rhine and Campbell, 1980
(Modified from Taylor and Gatliff 2001)
Slender Normal Obese
Measurement
Male
(24)
Female
(5)
Male
(27)
Female
(10)
Male
(1)
Female
(2)
1. Supraglabella 4.00
Midline
5.00 5.00 4.50 5.00 3.50
2. G labella 5.25 6.00 6.25 6.00 7.50 6.00
3. Nasion 5.25 5.25 6.00 5.25 5.25 4.75
4. End of nasals 3.00 3.25 3.75 3.75 3.25 3.00
5. M id-philtrum 11.75 10.00 12.25 11.25 11.75 12.00
6. U pper lip m argin 12.50 12.00 14.25 12.50 12.50 15.25
7. Lower lip m argin 13.75 12.25 15.50 15.00 15.50 12.00
8. C h in -lip  fold 11.75 9.50 11.75 12.25 13.00 12.25
9. M ental em in en ce 11.25 11.00 11.50 12.50 15.25 13.00
10. B eneath chin 8.00 6.50 8.25 8.00 9.50 8.50
11. Frontal em in en ce 3.75
Bilateral
3.25 5.00 4.00 5.50 5.00
12. Supraorbital 7.75 7.25 8.50 8.00 11.75 8.50
13. Suborbital 5.75 6.50 7.75 8.25 9.25 9.00
14. Inferior malar 14.00 14.50 16.50 16.75 17.50 18.75
15. Lateral o rb it 10.50 12.00 13.25 13.00 20.00 12.75
16. Zygom atic arch, halfway 6.75 8.00 8.25 9.50 13.75 9.25
17. Supraglenoid 9.50 9.75 11.00 11.50 17.50 17.25
18. G onion 11.50 11.00 13.00 13.50 24.00 17.50
19. Supra M^ 19.00 20,50 23.00 20.25 24.00 23.50
20. O cclusal line 16.75 17.75 19.00 19.25 30.00 20.00
21. Sub M 2 13.50 14.25 16.50 17.00 23.50 20.00
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Tissue Thickness (mm) of Southwest American Indians
By Rhine, 1983
(Modified from Taylor and Gatliff 2001)
Slender Normal Obese
Measurement
Male
(4)
Female
(V
Male
(9)
Female
(2)
Male
(5)
Female
(3)
1. Supraglabella 5.75
Midline
4.00 5.00 4.50 4.50 4.25
2. G labella 5.75 4.75 5.75 4.50 6.00 4.50
3. Nasion 5.75 6.50 6.86 7.00 6.50 5.00
4. End of nasals 2.75 2.50 3.50 2.50 3.25 3.25
5. M id-philtrum 7.50 10.00 9.75 10.00 9.25 8.51
6. U pper lip m argin 8.25 9.50 9.75 11.00 9.25 10.00
7. Lower lip m argin 9.25 12.00 11.00 12.25 8.75 11.25
8. C hin-lip  fold 8.50 9.00 11.50 10.00 9.75 11.00
9. M ental em inence 8.00 11.00 12.00 13.00 12.50 13.25
10. Beneath chin 5.25 8.00 8.00 8.00 8.00 7.75
11. Frontal em inence 4.75
Bilateral
4.75 4.25 4.00 4.50 4.20
12. Supraorbital 6.75 5.00 9.00 8.50 8.50 8.25
13. Suborbital 3.75 3.25 7.50 6.25 7.75 6.75
14. Inferior malar 10.00 9.00 14.00 12.00 15.75 15.00
15. Lateral orbit 8.00 8.25 12.50 11.50 11.75 13.75
16. Zygom atic arch, midway 6.00 5.75 7.50 7.00 8.75 9.00
17. Supraglenoid 5.75 4.50 8.50 6.25 9.75 7.75
18. G onion 7.75 6.25 13.25 10.50 15.40 12.75
19. Supra M^ 14.25 11.75 21.50 18.00 23.50 19.00
20. O cclusal line 15.50 12.25 20.75 17.50 22.75 19.25
21. Sub M2 12.50 10.50 19.25 17.00 18.50 15.75
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In Vivo Tissue Depths (mm) for White Adults of Normal Weight
by Manhein et al., 2000
19-34
Male
Years
Female
35-45
Male
Years
Female
46-55
Male
Years
Female
>56 Years 
Male Female
1 Glabella 5.0 4.8 5. 5 4. 7 6. 0 4. 8 5. 6 5.2
2 Nasion 6.0 5. 5 6.4 5. 3 7.2 6.2 6.6 6.0
3 End of nasals 1. 9 1.8 2.4 1.6 1.8 1. 8 2.0 1.8
4 Lateral nostril 7.5 8.6 9.8 8.0 10.4 10.8 10. 8 9.8
5 Mid-philtrum 11.9 9. 1 10.6 7.4 8.0 8.0 9. 4 8.0
6 Chin-lip fold 11. 1 10. 3 13. 1 9.6 11.6 9. 8 12. 2 11. 4
7 Mental eminence 10.0 9.2 12.0 9.2 11. 0 10.7 11. 8 12. 3
8 Beneath chin 7.2 6. 0 8.0 5.4 7.2 6. 7 5. 6 8.0
9 Supraorbital 5. 3 5. 7 5. 9 5.5 7. 7 6.5 5.6 6.3
10 Suborbital 5.8 6. 1 6.2 5.7 6.8 7. 3 5.0 7.0
11 Supracanine 11.9 9. 3 10. 1 7.8 10.0 7. 7 9.2 8. 0
12 Subcanine 11.5 9.4 10. 2 8. 7 10.0 9.0 11. 8 9. 7
13 Posterior maxilla 28.5 26. 3 24.6 25. 1 28.2 27.2 23.6 29.4
14 Sup. mid mandible 25. 1 23.4 21. 1 20. 1 21.4 21. 7 20.6 27. 2
15 Inf. mid mandible 14. 8 13. 7 15.6 12.6 15.4 13. 0 11.4 17.4
16 Lateral eye orbit 4. 2 4.7 4. 3 4. 3 5. 4 4.5 5. 2 4.9
17 Anterior zygoma 7.8 9. 3 8. 2 8.7 8.2 10. 2 6.4 11. 0
18 Gonion 20.0 17. 4 19. 6 15.3 19.0 14. 7 14. 0 16. 9
19 Root of zygoma 7.8 7.4 6. 6 4.9 5.4 6. 0 5.2 7.4
16*
12*
12#6.
Frontal View Lateral View
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In Vivo Tissue Depths (mm) for Black Adults of Normal Weight
by Manhein et al., 2000
19-34
Male
Years
Female
35-45
Male
Years
Female
46-55
Male
Years
Female
1 Glabella 5. 2 4.6 5.3 4.5 - 4.8
2 Nasion 6.6 6.0 5. 7 5.2 - 6.0
3 End of nasals 2.2 1. 7 1.7 1. 5 - 2. 0
4 Lateral nostril 9.2 8.4 10.3 8.4 - 8.4
5 Mid-philtrum 13.0 9.2 11.0 8.8 - 8. 2
6 Chin-lip fold 12.7 11.8 12. 7 11. 7 - 10.0
7 Mental eminence 12. 1 10.8 12. 3 11.2 - 10.8
8 Beneath chin 8.8 6.7 7.0 6.4 - 7.2
9 Supraorbital 6.4 6. 1 6. 3 6.0 - 5.8
10 Suborbital 5. 8 6.2 7. 0 6.9 - 5.8
11 Supracanine 12.8 10.0 10.3 9.6 - 9.0
12 Subcanine 14.4 10.9 10. 7 11.5 - 12.4
13 Posterior maxilla 28.2 26.6 27.3 26.8 - 26.8
14 Sup. mid mandible 24. 5 21.7 23.7 22.5 - 21.2
15 Inf. mid mandible 14. 1 12.6 13. 3 13. 1 - 13.4
16 Lateral eye orbit 4.8 5.0 3. 7 4.9 - 4.8
17 Anterior zygoma 8.4 10.2 6. 3 9. 8 - 9. 8
18 Gonion 21. 1 17.0 20.7 16.2 - 14.8
19 Root of zygoma 7.4 6.4 5.7 5. 6 - 6.0
12#
Frontal View Lateral View
6 0
In Vivo Tissue Depths (mm) for White Children of Normal Weight
by Manhein et al., 2000
3-8 Years 9-13 Years 14-18 Years
Male Female Male Female Male Female
1 Glabella 4. 0 3.9 4.6 4.4 5.0 4.6
2 Nasion 5.7 5. 0 5. 7 5. 5 6. 3 5.4
3 End of nasals 1.8 1. 7 1.6 1.5 2.0 1.8
4 Lateral nostril 7. 2 7.0 7.4 7. 7 7.8 7. 7
5 Mid-philtrum 9.0 8. 3 9.7 9.4 11.2 9.4
6 Chin-lip fold 8. 1 7.6 9.6 9.0 10.4 9.7
7 Mental eminence 8.3 7.4 8.7 8.8 9. 3 8. 7
8 Beneath chin 4.6 4. 2 5. 5 5. 5 6.0 5. 5
9 Supraorbital 4.6 4.4 5.2 5. 1 5.7 5.7
10 Suborbital 5. 5 5.6 5.9 5. 6 5.3 6.0
11 Supracanine 9.4 8.4 10.0 9. 8 11. 7 10.3
12 Subcanine 8.4 7.9 9.6 9.2 10.6 9. 8
13 Posterior maxilla 23.3 22.7 24. 7 24. 3 27.4 26.8
14 Sup. mid mandible 20.7 18.9 21.6 20.8 23. 2 23.2
15 Inf. mid mandible 10.4 10.5 12. 1 11. 7 12.3 13.4
16 Lateral eye orbit 4. 1 4.0 4.4 4. 6 4.3 4. 5
17 Anterior zygoma 8.4 8.4 9. 1 9. 5 8.0 9.5
18 Gonion 13.7 13.9 15.4 14.4 18. 1 17.0
19 Root of zygoma 4.8 4. 6 5. 4 5.2 6.0 6.8
16*
12*
Frontal View
12#
Lateral View
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In Vivo Tissue Depths (mm) for Black Children of Normal Weight
by Manhein et al., 2000
3~8 Years 9-13 Years 14-18 Years
Male Female Male Female Male Female
1 Glabella 4. 1 4.0 4.5 4.3 5. 3 4. 7
2 Nasion 5.4 4.9 5.4 5.4 6. 1 5.3
3 End of nasals 1.8 1. 7 1.9 1. 7 2. 1 1. 7
4 Lateral nostril 7.3 7.0 7. 4 7.6 7.9 8. 1
5 Mid-philtrum 9.0 8.9 10.0 9.6 12. 1 9.9
6 Chin-lip fold 8.6 8.2 9.8 10.3 12.6 10. 1
7 Mental eminence 8.3 8. 3 9.9 10.0 9.5 10.0
8 Beneath chin 4. 5 4.8 5. 5 5.8 6. 3 5. 6
9 Supraorbital 4.5 4.5 5.2 5. 3 5.8 5.7
10 Suborbital 5.6 5. 6 5.8 6. 1 6. 0 6.4
11 Supracanine 8. 9 8. 8 10. 7 10.0 12. 3 10.6
12 Subcanine 8. 5 9.0 11.0 10.2 12.8 11. 0
13 Posterior maxilla 22. 1 23.0 23.6 24. 5 26.0 27.6
14 Sup. mid mandible 17.4 18.0 20. 1 20.0 21. 9 23.2
15 Inf. mid mandible 8.7 9. 8 10.3 10. 8 11.2 12.0
16 Lateral eye orbit 4. 1 3. 9 4.4 4.4 4. 4 4.6
17 Anterior zygoma 7.8 8.3 8. 3 8.9 7. 3 9.2
18 Gonion 12. 8 13.5 14. 7 14.6 17.9 16.2
19 Root of zygoma 4. 2 4. 7 5. 0 4.8 6.0 6.2
12*
Frontal View Lateral View
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In Vivo Tissue Depths (mm) for Hispanic Children of Normal Weight
by Manhein et al., 2000
3-8 Years 9-13 Years 14-18 Years
Male Female Male Female Male Female
1 Glabella 4.7 4.2 4. 1 3.8 4.5 7.0
2 Nasion 6. 3 5.0 4.9 5. 3 4.8 5.0
3 End of nasals 1. 7 1.7 1.6 1.6 1.5 1.0
4 Lateral nostril 6.3 6.3 7.9 5.7 5. 0 9. 0
5 Mid-philtrum 7.3 8.0 9.3 9.2 11.5 8.0
6 Chin-lip fold 7.0 8.7 10.0 9.2 11.3 11.0
7 Mental eminence 6.0 8.0 8.4 8.4 10.3 15.0
8 Beneath chin 4. 7 4.2 5. 1 5. 1 5.8 9.0
9 Supraorbital 4.3 4.2 4.9 4.9 5. 5 7.0
10 Suhorhital 5.0 5. 5 6. 4 5. 0 5.8 10.0
11 Supracanine 8.0 9. 3 10.0 10. 3 12.0 11. 0
12 Suhcanine 6.7 8.2 10.8 8.3 10.0 10. 0
13 Posterior maxilla 19. 7 24.8 24.4 24.6 25. 3 32. 0
14 Sup. mid mandible 14.7 20. 8 21.4 20.0 21.0 24.0
15 Inf. mid mandible 7. 3 11. 5 10.8 11. 3 10.3 18.0
16 Lateral eye orbit 3. 0 4.3 4.6 3. 8 4.3 5. 0
17 Anterior zygoma 6.3 8. 5 8.4 7. 4 7.8 14. 0
18 Gonion 13. 7 14.0 15.4 14.6 15. 3 24. 0
19 Root of zygoma 4.3 4.3 6.3 4. 6 4.8 8.0
16 •
6#
Frontal View
4#
1 2 #
Lateral View
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Appendix 3
Instructions for Creating the Smiling Mouth
(Gatliff 2004)
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